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1. A method for evolving a protein encoded by a ^fNA 
substrate molecule comprising: 

(a) digesting at least a first and second DNA /ubstrace 
molecule, wherein the at least a first and second sub^tfrate 
molecules differ from each other in at least one nucleotide, with 
a restriction endonuclease ; 

(b) ligating the mixture to generate a/library of 

recombinant DNA molecules; 

(c) screening or selecting the products of (b) for a 

desired property; and 

(d) recovering a recombinant J2&A substrate molecule 

encoding an evolved protein. 
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2. The metWocJKof claicrf 1, wherein the restriction 
endonuclease generates (^i- palindromic ends at cleavage sites 

3. The method of/claim 1, wherein the substrate, 
molecules have been engineered to contain at least one recognition 
site for a restriction endonuclease having non-palindromic ends at 
cleavage sites 



4 . The met 



hod of claim 1, wherein (a) - (d) are 



2 repeated. 



1 5. /The method of claim l, wherein the DNA substrate 

2 molecule comprises a gene cluster, 
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/6. The method of claim 1, wherein at least one 
restrict/on endonuclease fragment from a DNA substrate molecule is 
isolated and subjected to mutagenesis to generate a library of 
mutant fragments. 



7. The method of step 6, wherei 

2 afutant fragments is used in the ligation of (b) . 



n the library of 
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8. The method of claim 7, wherein the /SNA substrate 
molecule encodes ail or part of a protein selected from Table I. 

9. The method of claim 6, whereir/ mutagenesis 
comprises recursive sequence recombination. 

10. The method of claim 1, wh/rein the products of (d; 
are subjected to mutagenesis. 

11. The method of claim yo , wherein mutagenesis 
comprises recursive sequence recombinat ion , 

12. The method of cla^m 1, wherein the products of (d) 
are used as a DNA substrate mo/ecule in (b) . 



13 . 

claim 10 are us 




method of claim 10, wherein the products of 
n (d) . 



14. The method of claim 1, wherein the recombinant DNA 
substrate molecule of /(d) comprises a library of recombinant DNA 
substrate molecules . 



15. An/evolved protein produced by the method of claim 



1 . 



16./ A method for evolving a protein encoded by a DNA 
substrate mo/ecule by recombining at least a first and second DNA 
substrate rablecule, wherein the at least a first and second 
substrate/molecules differ from each other in at least one 
nucleotide and comprise defined segments, the method comprising: 

(a) providing a set of oligonucleotide PCR primers, 
compr/sing at least one primer for each strand of each segment, 
wherfein the primer sequence is complementary to at least one 
junction with another segment; 

(b) amplifying the segments of the at least a first and 
/econd DNA substrate molecules with the primers of step (a) in a 

/polymerase chain reaction; 
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(c) assembling the products of seep (b) /to generate a 
library of recombinant DNA substrate molecules; 

(d) screening or selecting the products of (c) for a 
desired property; and 

(e) recovering a recombinant DNA^/ubstrate molecule fr: 
(d) encoding an evolved protein. 



1 17. The method of claim 16 , /wherein the at least a 

2 first and second DNA substrate molecu/es are subjected to 

3 mutagenesis prior to step (a) . 
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18. The method of ciai/fn 16, wherein the at least a 
first and second DNA substrate /olecules comprise alleles of a 
gene . 



19. The Lmathod o£ claim 16, wherein the at least a 
first and second DN^ substrate molecules comprise a library of 
mutants . 
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20. The me/thod of claim 16, wherein the segments are 
defined by sites witz4iin intergenic regions. 



1 21. Tbfe method of claim 16, wherein the segments are 

2 defined by sites* within introns . 

1 22/ The method of claim 16, wherein the primers 

2 comprise a uracil substitution at one or more thymidine residues. 

1 /23 . The method of claim 22, wherein the products of (b) 

2 are treated with uracil glycosylase. 

1 / 24. The method of claim 16, wherein (a) - (e) are 

2 repeated. 



1 / 25. The method of claim 16, wherein the at least a 

2 Jsirst and second DNA substrate molecule comprises a gene cluster. 



26. The method of claim 16, wherein the at least first 
and second DNA substrate molecule encodes/ail or part of a DNA 
polymerase. 



27. The method of claim 16 ,/ wherein at least one PCR 
primer differs from the at least a fi^st and second DNA substrate 



mo 



lecules in at least one nucleotide 



28. The method of claim 27, wherein the PCR primer 
comprises a nucleotide sequence af a known mutant or polymorphism 
of the at least a first or secogfd DNA substrate molecule 

29. The method of c/laim 28, wherein the PCR primer is 
degenerate and encodes the nucleotide sequences of more than one 
known mutant or polfrrN^rphisi/ of the at least a first or second DNA 
substrate molecule 

30. The method' of claim 29, wherein the at least a 
first and second DNA sui/strate molecule encodes all or part of a 
protein selected from Table I. 

31. The method of claim 17, wherein mutagenesis 
comprises recursive/ sequence recombination. 

32. TWe method of claim 16, wherein the products of (e) 
are subjected tor mutagenesis. 

33. / The method of claim 32, wherein mutagenesis 
comprises recursive sequence recombination. 

The method of claim 32, wherein the products of 
claim 32 a/re used in (b) . 

35. The method of claim 16, wherein the products of (e) 
are used! as. a DNA substrate molecule in (b) . 



36. The method of claim 16, wherein the recombinant DNA 



substrate molecule o 
substrate molecules . 



comprises a library/^of recombinant DNA 



37. An evolved protein produced/by the method of claim 



16 . 



38. A method of enriching a j/opulation of DNA fragments 
for mutant sequences comprising: 

(a) denaturing and renaturiiig the population of 
fragments to generate a population of/ hybrid double - stranded 
fragments in which at least one doui^ie - stranded fragment comprises 
at least one base pair mismatch; 

(b) fragmenting the products of (a) into fragments of 

about 20-10 0 bp; 

(c) affinity-purifying/ fragments having a mismatch on an 
affinity matrix to generate a pbol of DNA fragments enriched for 

mutant sequences; anc Ti/\ 

(d) assentolUng\the/products of (c) to generate a library 
of recombinant DNA substrata molecules. 



39. The method/ of claim 38, wherein the population of 
DNA fragments is derived/ from at least a first and second DNA 
substrate molecule, the/ at least a first and second DNA substrate 
molecule differing frorn each other in at least one nucleotide. 

40. The r/ethod of claim 39, wherein the at least a 
first and second DNA substrate molecules are obtained by 
mutagenesis of a 2DNA substrate molecule. 

41. /The method of claim 39, wherein the at least a 
first and secc^nd DNA substrate molecules comprise alleles of a 
gene . 



: 2. The method of claim 39, wherein the at least a 
first an(/ second DNA substrate molecules comprise polymorphic 
variant^ of a gene . 



43. The method of claim 33, wherein th*£ DNA substrate 
molecule encodes all or part of a protein selected from Table I. 

44. The method of claim 38, where ir/ the products of < c ' 
are mixed with the products of ;a) prior tc Jfd) . 

45. A method for evolving a prq/ein encoded by a DNA 
substrate molecule, by recombining at leafet a first and second DxVA 
substrate molecule, wherein the at least/ a first and second 
substrate molecules share a region of Sequence homology of about 
10 to 100 base pairs and comprise def/ned segments, the method 
comprising: / 

(a) providing regions of /homology in the at least a 
first and second DNA substrate mol/ecules by inserting an intron 
sequence between at least two de/ined segments; 

(b) fragmenting and r/combining DNA substrate molecules 
of (a), wherein regi^hsVof hom/logy are provided by the introns; 

(c) screenrb^L^f se/ecting the products of (b) for a 

desired property; and \ / 

(d) recovering a/recombinant DNA substrate molecule from 
the products of (c) encoding an evolved protein. 

46. The method of claim 45, wherein the introns are 
self -splicing. / 

47. The /method of claim 45, wherein the inserted 
introns comprise /rom about 1 to about 10 nonhomologous introns. 

48. /The method of claim 45, wherein the intron 
comprises a recognition site for a restriction endonucleases 
having non-palindromic ends at cleavage sites. 

y4 9 . The method of claim 45, wherein (b) - (d) are 

repeated / 

/ 50. The method of claim 45, wherein the DNA substrate 
moleoule comprises a gene cluster. 



51. The men hod of cla:^ 45, wherein a: least one 
segment from a DNA substrate molecule is isolated and subjected 
mutagenesis to generate a librrry of ' mutant /fragments . 



52. The method of claim 51, wherein the library of 
mutant segments is used in the recombinant ion of . 

53. The method of claim 45/ wherein the segments are 
defined by exons . 

54. The method of claim/45, wherein the segments are 
defined by intergenic regions. 



55. The method of cLaim 45, wherein the at least a 
first and second DNA substrat/ molecules encode protein 
homologues , 

56. ThM method hf claim 45, wherein the intron contains 
a lox site, and wherein tyhe products of (b) are used to transfect 
a Cre + host. 



57. The me/hod of claim 45, wherein the at least a 
first and second DNA/substrate molecule encodes all or part of a 
protein selected fr^om Table I. 

58. TMe method of claim 45, wherein the at least a 
first and second DNA substrate molecule are subjected to 
mutagenesis pr/or to step (a) . 

5 9^. The method of claim 58, wherein mutagenesis 
comprises i/ecursive sequence recombination. 

60. The method of claim 45, wherein the products of (d) 
are subjected to mutagenesis. 



61. The method of claim 58, wherein mutagenesis 
compiises recursive sequence recombination. 
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62. The method of claim 45, where 
are used as a DNA substrate molecule in (b; 



Ln the products of (d 



t ^ m acl whtrpin the recombinant DNA 

63. The method or claim *5, vvnerem 

^ /j^ ^^^v^ocr ^ ILforary of recombinant DNA 
substrate molecule of (d) comprises a .yDrary 

substrate molecules. 

64. An evolved protein pro/uced by the method of clairn 

45 . 

65 A method for evolvi/g a protein encoded by a DNA 
substrate molecule by recombining /at least a first and second DNA 
substrate molecule, wherein the / least a first and second 
substrate molecules differ from/each other in at least one 
lucleotide and comprise de fine/ segment s , the method comprxsxng: 

(a , providing a set k oligonucleotide PGR prxmers, 
wherein for each juncj^.< 
provided, one member/ of) 
of a segment and the^ 
of the segment, with 
as one member of the 
primers is provided fds 
substrate molecules; , 

(b) amplifying the segments of the at least 
second DNA substrate r/olecules with the primers of (a) in a 
nolvmerase chain reaction; 

P ( = , asserting the products of (b, to generate a pool 

of recombinant DNA/molecules ; 

(d) selecting or screening the products of (c) for a 

desired P-J^ering a recombinant DNA substrate moiecuie from 



.on 



of 
;ach/ 



:he 



ur 



egments a pair of primers is 
f pair bridging the junction at one end 
ridging the junction at the other end 
rminal ends of the DNA molecule having 
r a generic primer, and wherein a set of 
ach of the at least a first and second 



the products of (d) encoding an evolved protein. 



The method of claim 65, wherein (a] 



(e) is 



repeated . 



L. The method of claim 65, wherein the at least a 
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first and second DNA substrate molecule are subjected to 
mutagenesis prior to (a) . ^ 

z 

68. The method of claim 65, wherein Che at least a 
first and second DNA substrate molecule /omprise sequences 
encoding protein homologues. 

69. The method of claim 65 1 wherein the primers 
comprise a uracil substitution at on/ or more thymidine residues 

70. The method of claim ks , wherein the products of (b) 
are treated with uracil glycosylas^ . 

71. The method of claim 65, wherein the at least a 
first and second DNA substrate r/olecule encodes all or part of a 

protein selected from Table I . / 

/' 

/ 

72. Thertofi/hod of .claim 65, wherein the at least a 
first and second DSA^substrate molecule comprises a gene cluster. 



73 . An 



65 . 




/rotein produced by the method of claim 



74. The method of claim 65, wherein at least one PCR 
primer differs from th4 at least a first and second substrate 
molecules in at least/ one nucleotide 

75. The /method of claim 74, wherein the PCR primer 
comprises a nucleotide sequence of a known mutant or polymorphism 
of the at least 4 first or second substrate molecule. 

76. /The method of claim 75, wherein the PCR primer is 
degenerate ana encodes the nucleotide sequences of more than one 
known mutant /or polymorphism of the at least a first or second 
substrate molecule. 



\l . The method of claim 67, wherein mutagenesis 



2 comprises recursive sequence 



ecc^ioinacion . 
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78. The method of claim 65, wherein 
are subjected to mutagenesis. 



the oroducts of (e < 



79. The method of claim f78, wherein mutagenesis 
comprises recursive sequence recombination. 

80. The method of cla/m 65, wherein the products of (e) 
are used as a DNA substrate molecule in (b) 

81. The method of claim 65, wherein the recombinant DNA 

-. -i /-v -P (a\ rnXiqes a library of recombinant DNA 
substrate molecule of (e; conjprises a ±±uj-<*±.y 

substrate molecules. 



82 . A 
evolving the pro 
substrate molecu 
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'hod fo/ optimizing expression of a protein by 
whe/ein the protein is encoded by a DNA 
comprising : 

(a) prDiding/a set of oligonucleotides, wherein each 
oligonucleotide ^prJes at least two regions complementary to 
the DNA molecule and /t least one degenerate region, each 
degenerate region en/oding a region of an amino acid sequence of 
the protein; 

(b) assembling the set of oligonucleotides into a 

library of full 1/ength genes; 

(c) e>fcressing the products of (b) in a host cell; 

(d) screening the products of (c) for improved 

expression of/the protein; and 

(e/ recovering a recombinant DNA substrate molecule 

encoding an/ evolved protein from (d) . 

83. The method of claim 82, wherein the primers 
compris/ about 20 nucleotides complementary to the DNA substrate 
molecuZe followed by a second region of about 20 degenerate 
nucleotides of homology with the DNA substrate molecules followea 
by Zout 20 nucleotides complementary to the DNA substrate. 
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84. The method of claim 32, wherein the protein is 
bovine intestinal alkaline phosphatase. 
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85. The method of claim 84, wherein the 
oligonucleotides comprise one or more primers from Table II. 

86. The method of claim s/ wherein the DNA substrate 
molecule encodes all or part of a p^btein selected from Table I. 

87. The method of clai/ 82, wherein the DNA molecule 
comprises a gene cluster. 



88 . 



The method of cl4im 82, wherein (a) - (e) are 



repeated . 



89. The \fe^ho\ of claim 82, wherein the 
oligonucleotides conArise 7t least 5' and 3 ' nucleotide 
complementary to the V /ubstrate molecule and about 20-300 
nucleotides having up to/about 85% sequence homology with a region 
of the DNA substrate molecule. 

90. The method of claim 89, wherein the 
oligonucleotides comprise a set of oligonucleotides in which each 
oligonucleotide ov/rlaps with a second oligonucleotide. 

/ 

91. The method of claim 82, wherein the products of (e) 
are subjected x/o mutagenesis. 

/ 

92/ The method of claim 91, wherein mutagenesis 
comprises recursive sequence recombination. 

/93. The method of claim 82, wherein the recombinant DNA 
substrate molecule of (e) comprises a library of recombinant DNA 
substrate molecules. 
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An evolved protein produced by the method of claim 
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95. A method for optimizing expression of a protein 
encoded by a DNA substrate molecule by evolving the protein, 
wherein the DNA substrate molecule comprises at least one lac 
operator and a fusion of " a DNA sequenofe encoding the protein with 
a DNA sequence encoding a lac headpiece dimer, the method 
comprising : 

(a) transforming a host cAll with a library of 
mutagenized DNA substrate molecule^; 

(b) inducing expression/of the protein encoded by the 

library of (a) ; 

(c) preparing an extrafct of the product of (b) ; 

(d) fractionating insoluble protein from complexes of 
soluble protein and DNA; and 

(e) recovering a D£&. substrate molecule encoding an 

evolved protein fr^m y {'d) . 

od/oi claim 95, wherein (a) - (e) are 




repeated . 

97. The \iet/od of claim 95, wherein the DNA substrate 
molecule encodes all jbr part of a protein selected from Table I. 
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98. An evolved protein produced by the method of clai 



m 



9 9 . Tyhe me 



thod of claim 95, wherein the products of (e) 



2 are subjected tyb mutagenesis 
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100/. The method of claim 99, wherein mutagenesis 

comprises recursive sequence recombination. 
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.01. The method of claim 95, wherein the products 

of (e) ar£ used as a DNA substrate molecule in (a) 
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102. The method of claim 95, wherein the recombinant DNA 
substr/te molecule of (e) comprises a library of recombinant DNA 
substrate molecules . 



114 

1 103. A method for evolving functional expression of a 

2 protein encoded by a DNA substrate molecui/ comprising a fusion c: 

3 a DNA sequence encoding the protein with A DNA sequence encoding 

4 filamentous phage protein zc generate a yrusion protein, the netho, 

5 comprising: 

6 (a) providing a host ceil producing infectious particles 

7 expressing a fusion protein encoded hf a library of mutagenized 

8 DNA substrate molecules; 

9 (b) recovering from (a) infectious particles displaying 
Q 10 the fusion protein; 

*j 11 (c) affinity purifying t/articles displaying the mutant 

Ull2 protein using a ligand for the pyotein; and 

J 13 (d) recovering a DNA sdbstrate molecule encoding an 

U*14 evolved protein from a&f^n/ty gdrified particles of (c) 



104 . The met 



D 2 repeated. 




yfelaim 103, wherein (a) - (d) are 
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105. The method ybf claim 103, wherein the DNA substrate 
molecule encodes all or part of a protein selected from Table I. 



106 . An evoly4d protein produced by the method of claim 



103 



1 107. The rafethod of claim 103, wherein the products of 

2 (d) are subjected to mutagenesis. 

1 108. TK4 method of claim 107, wherein mutagenesis 

2 comprises recurs/ve sequence recombination. 

1 109. /The method of claim 107, wherein the products of 

2 claim 107 are /Used as a DNA substrate molecule in (a) . 

1 lip. The method of claim 103, wherein the DNA substrate 

2 molecule of/(e) comprises a library of DNA substrate molecules. 



111. The method of claim 103, wherein DNA sequence 



encoding the filamentous phage protein comprises a phagemid. 

112. The method of claim ±03 J wherein DNA sequence 
encoding the filamentous phage protein/comprises a phage. 



113 . A method for optimizing expression of a protein 
encoded by a DNA substrate molecule comprising a fusion of a DNA 
sequence encoding the protein with a DNA substrate encoding a lac 
headpiece dimer, wherein the DNA substrate molecule is present on 
a first plasmid vector, the method comprising: 

(a) providing a host carll transformed with the first 
vector and a second vector compmsing a library of mutants of at 
least one chaperonin geneand at/ least one lac operator; 

(b) preparing an extract of the product of (a) ; 

(c) fractionating Lnsoluble protein from complexes of 



soluble protein and 

(d) recover 



anc 



encoding a chaperonin gene from (c) 



114. The met^tioc^ of claim 113, wherein the DNA substrate 
molecule encodes all of /part of a protein selected from Table I. 

115. The method of claim 113, wherein the DNA substrate 
is subjected to mutagenesis independently of the chaperonin gene 
prior to (a) . 

116. Th^ method of claim 113, wherein the DNA of (d) 
comprises a library of mutants . 

117. /The method of claim 113, wherein the first and 
second vector^ are the same vector. 

1m8 . The method of claim 113, wherein (d) further 
comprises recovering an evolved DNA substrate molecule from the 
products off: (c) . 



119. An evolved chaperonin produced by the method of 



claim 
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12 0 . An evo 



Ived crczein produce/ by the method of claim 



113 . 



121. The method of claim 113,/ wherein (a) - (d) are 

repeated . 

122. ' The method of claim ll/, wherein the products of 
(d) are subjected to mutagenesis 

123. The method of claim A22, wherein mutagenesis 
comprises recursive sequence recombination, 

124. The method of cla/m 122, wherein the products of 
claim 122 are used in (a) 

125. A method for op/imizing expression of a protein 
encoded by a DNA substrate/ molecule comprising a fusion of a DNA 
sequence encoding the JrcW with a filamentous phage gene, 
wherein the fusion is c%rhk on a phagemid comprising a library 
of chaperonin gene mutanls/ the method comprising: 

(a) providing a/host cell producing infectious particles 
expressing a fusion prot/in encoded by a library of mutagenized 

DNA substrate molecules,-/ 

(b) recovering from (a) infectious particles displaying 

the fusion protein; 

(c) affinity purifying particles displaying the protein 

using a ligand for tyhe protein; and 

(d) recovering DNA encoding the mutant chaperonin from 

affinity purified Particles of (c) . 



126 . Tae me 



thod of claim 125, wherein (a) - (d) are 



repeated . 



127 /The method of claim 125, wherein the DNA substrate 
moleC ule enco/es all or part of a protein selected from Table I . 

12te. An evolved chaperonin produced by the method of 



c 1 a i-m 12 5 



129. An evolved protein produced by the method of clair 



.25 



130. The method of claiym 125, wherein the products of 
(d) are subjected to mutagenesis/ 

131. The method of claim 130, wherein mutagenesis 
comprises recursive sequence Recombination. 

132. The method of /claim 130, wherein the products of 
claim 130 are used in (a) 

133. The rer^th6d Lf claim 125, wherein the DNA of (d) 
comprises a library LoA DNA substrate molecules. 

134. The m^th/d of claim 125, wherein the DNA substrate 
molecule comprises a library of mutagenized DNA sequences encoding 
the protein of interes 

135. The method of claim 125, wherein (d) further 
comprises recovering DNA encoding the protein from affinity 
purified particles/ of (c) . 

136. PJ method for optimizing secretion of a protein in a 
host by evolving a gene encoding a secretory function, comprising: 

(a) providing a cluster of genes encoding secretory 

functions ; 

(t/) recombining at least a first and second sequence in 
the gene cluster of (a) encoding a secretory function, the at 
least a fifrst and second sequences differing from each other in at 
least on^ nucleotide, to generate a library of recombinant 
sequencers ; 

/ (c) transforming a host cell culture with the products 
of (b/ wherein the host cell comprises a DNA sequence encoding 
the protein,* 
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(d) subjecting the produce of fclAo screening or 
selection for secretion of the protein; an/ 

(e) recovering DNA encoding an Evolved gene encoding a 
cretory function from the product of ( M) . 



se 



f claim 136/ wherein the gene cluster 
i/e for a restriction 



13 7. The method o 
comprises at least one recognition s 
endonuclease having nonpalindromic er/ds at the cleavage site 



138. The method of claim A36, wherein the host is E. 
coll., yeast, Bacillus, Pseudomonaf , or a mammalian cell 

139. The method of cla/m 136, wherein the protein is a 
thermostable DNA polymerase. 

140. The methoJAc/aim 136, wherein protein is 
inducibly expressed. 

141. The method ofl claim 136, wherein the protein is 
linked to a secretory leadefc sequence 

142. A secretor/ gene evolved by the method of claim 

136 . 

143. The met/od of claim 136, wherein (a) - (e) are 

repeated . 

144. The/ethod of claim 136, wherein the DNA sequence 
of (c) encodes all/or part of a protein selected from Table I. 

145. The method of claim 136, wherein the DNA sequence 
of (c) comprise/ a library of mutant sequences. 

146/ The method of claim 136, wherein the products of 
(e) are subjected to mutagenesis. 



Ul . The method of claim 146, wherein mutagenesis 



comprises recursive sequence re 



combination 
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148. The method of claim 14?, wherein the products of 
claim 146 are used in (a) . 

149. The method of claim he, wherein the DNA of (e) 
comprises a library of evolved genes. 

150. A method for evolv/ng an improved DNA polymerase 
comprising: 

' (a) providing a librarA of mutant DNA substrate 
molecules encoding mutant DNA polymerase; 

(b) screening extract of cells transfected with (a) and 
comparing activity with wild tjfee DNA polymerase; 

(c) recovering mutant DNA substrate molecules from cells 
in (b) expressing nrutanf^A polymerase having improved activity 

over wild-type DNA polyVrW; and 

(d) recovering a Vna substrate molecule encodxng an 

evolved polymerase from \hef products of (c) 

151 The method/of claim 150, wherein the improved 
activity is at least one/of the group of higher quality sequencing 
ladder less terminatio/ of reactions with inosine, improve 
acceptance of base ana/ogs , improved acceptance of dideoxy 
nucleotides, and longer sequencing ladders. 

152. The method of claim 150, wherein the products of 
(a) are expressed yLer control of arabinose promoter in an E . 
coli host having J mutant host DNA polymerase. 



153 . The 



method of claim 150, wherein (a) - (d) are 



repeated 



claim 150 



154 /An evolved DNA polymerase produced by the method oi 
lis. The method of clair. 150, wherein the products of 



120 

2 (d) are subjected to mutagenesis. 

1 156. The method of claim 155, wherein mutagenesis 

2 comprises recursive sequence recombination. 
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157. The method of claim 15?, wherein the products o; 
claim 155 are used in (a) . 
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158. The method of claim £50, wherein the DNA substrate 
molecule of (d) comprises a library of DNA substrate molecules. 

159. A method for evolving a DNA polymerase with an 
error rate greater than that of/ jild type DNA polymerase 
comprising: 

(a) providing a \^sa.iry of mutant DNA substrate 
molecules encoding mutant E&A X)lymerase in a host cell comprising 
an indicator gene having a rWertible mutation, wherein the 
indicator gene is replicated /by the mutant DNA polymerase; 

(b) screening the /products of (a) for revertants of the 

indicator gene; 

(c) recovering ij^tant DNA substrate molecules from 

revertants; and 

(d) recovering a DNA substrate molecule encoding an 

evolved polymerase front the products of (c) . 



1 160. The method of claim 159, wherein the indicator gene 

2 is LacZalpha or GFP, 

1 161. Th</ method of claim 159 wherein the revertible 

2 mutation is a stdp codon. 
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162. /The method of claim 159, wherein the host cell 
comprises a mutant host DNA polymerase 



1 
2 
3 



16/S. A method for evolving a DNA polymerase, comprising: 
L ) providing a library of mutant DNA substrate 
molecules/encoding mutant DNA polymerase, the library comprising i 



plasmid vector; 

(b) preparing plasmid preparations and extracts of host 

cells transfected with the products of/ (a) ; 

(c) amplifying each plasmid/ preparation in a PCR 
reaction using the mutant polymerase/ encoded by that plasmid, the 
polymerase being present in the host: cell extract; 

(d) recovering the PCR products of (c) / and 

(e) recovering a DNA substrate molecule encoding an 
evolved polymerase from the products of (d) . 

164. The method of clafim 163, wherein the reaction of 
(c) is carried out in the pres^dce of an organic solvent, a base 
analog, or inosine. 



165. The metMoci o 



f/claim 163, wherein (a) - (e) are 



repeated . 



claim 163 



166. An evol4d/polymerase produced by the method of 



167. The methfod of claim 163, wherein the products of 
(e) are subjected to mutagenesis. 

168. The mithod of claim 167, wherein mutagenesis 
comprises recursive/ sequence recombination. 

169. Th/ method of claim 167, wherein the products of 
claim 167 are us^fd in (a) 

170. /The method of claim 163, wherein the DNA substrate 
molecule of (el comprises a library of DNA substrate molecules. 



17l/. A method for evolving a p-nitrophenol phosphonatase 
from a phosg/honatase encoded by a DNA substrate molecule, 
comprising : 

fa) providing library of mutants of the DNA substrate 
molecule, /the library comprising a plasmid expression vector. 
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!b) cransfeccir.a a he sc. wherein t/ie host phn operon is 

deleted ; 

(c) selecting for grewch of the/transf ectants of (b) 
using a p-nitrophenoi phosphonatase as a/substrate; 

(d) recovering the DNA substrate molecules from 
transfectan_s selected from ;c) / and 

(e) recovering a DNA substrate molecule from (d) 
encoding an evolved phosphonatase . 



172. The method of claim 111, wherein (a) - (e) are 



repeated 



' 173. The method of claym 171, wherein the phosphonatase 
is selected from the group consisting of beta-lactamase and alkyl 
phosphonatase . 



174 . An evo! 
the method of claim 



ftrophenol phosphonatase produced by 



175. The method Jbf claim 171, wherein the products of 
(e) are subjected to mutagenesis. 



! 176. The metbfod of claim 175, wherein mutagenesis 

2 comprises recursive s/quence recombination. 

-L 177. The /ethod of claim 175, wherein the products of 

2 claim 175 are used/in (a) . 



178. Tfte method of claim 171, wherein the DNA substrate 
molecule of (e) /comprises a library of DNA substrate molecules. 

17 9/ A method for evolving a protease encoded by a DNA 

substrate molecule comprising: 

fa) providing library of mutants of the DNA substrate 
molecule/the library comprising a plasmid expression vector, 
wherein /he DNA substrate molecule is linked to a secretory 
leader ; 
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(e) recove 
improved protease . 



d) recovering DNA from the produce /of (c); and 

rina a DNA substrate from/ ;d) encoding an 



188 . The method o 



f claim 187, wherein (a) - (e, 



are 



repeated . 



187 



189. An evolved protease prod/ced by the method of claim 



190. The method of claim iffi , wherein the products of 
(e) are subjected to mutagenesis 

191. The method of clainr/l90 , wherein mutagenesis 
comprises recursive sequenc/ recombination 



192 . The met 
claim 190 are used in 




cliim 190, wherein the products of 



193. The method of /claim 187, wherein the DNA substrate 
molecule of (e) comprises a/library of DNA substrate molecules. 

194. A method f</r screening a library of protease 
mutants to obtain an imp/oved protease, the method comprising: 

(a) providing/a library of peptide substrates, the 
peptide substrate comp/ising a fluorophore and a fluorescence 
quencher ; 

(b) screening the library of protease mutants for 
ability to cleave t/e peptide substrates, wherein fluorescence is 
measured; and 

(c) recovering DNA encoding at least one protease mutant 

from (b) . 

195. IK method for evolving an alpha interferon gene 

comprising: / 

(a/ providing a library of mut.at alpha interferon 

genes, the/lbrary comprising a filamentous phage vector; 
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(b) stimulating ceils comprising a reporter construct, 
the reporter construct comprising i reporter gene under control cf 
an interferon responsive promoter/and wherein the reporter gene 
is GFP; 

(c) separating the ceils expressing GFP by FACS ; 

(d) recovering phage fyfrom the product of (c) ; and 

(e) recovering an evo/ved interferon gene from the 
product of (d) . 

196. The method of /laim 195, wherein the interferon 
responsive promoter is an MHO I promoter. 

197. The method off claim 195, wherein (a) - (e) are 



repeated 



198 . An e 



2 claim 195 



;d /interferon produced by the method of 



199. The mVthc/d of claim 195, wherein the products of 

2 (e) are subjected to mutagenesis . 

! 200. The met/hod of claim 199, wherein mutagenesis 

2 comprises recursive s4quence recombination. 

! 201. The /ethod of claim 199, wherein the products of 

2 claim 199 are used/ in .(a) . 

! 202. TMe method of claim 195, wherein the evolved 

2 interferon gene /of (e) comprises a library of genes. 



203. /a method for screening a library of mutants of a 
DNA substrate/encoding a protein for an evolved DNA substrate, 
comprising: 

(J) providing a library of mutants, the library 
comprising /an expression vector; 

/(b) transfecting a mammalian host cell with the library 
of (a) , ierein mutant protein is expressed on the surface of the 
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:inq chJ croducts of (b) with a 



cell; 

(c) screening or seiec 

ligand for the protein; 

(d) recovering DNA encoding /utant protein from the 

products of (c) ; and 

(e) recovering an evolved /na substrate from the 

products of (d) . 

204. The method of claim/203, wherein the ligand is an 

antibody. 

205. The method of cla/m 203, wherein the ligand is a 
substrate and the protein is an ifenzyme. 

206 The method of c/aim 203, wherein the expression 
vector comprises an SV40 o/ig/n and the host cell is a Cos cell. 

207. The meWhfofc oif olaim 203, wherein the mutant protein 



O 2 is expressed transient^ 
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2 08. The me 
further comprises SV40 l^rge T antigen 



thod/of claim 203, wherein the host cell 



antibody. 



repeated . 



209. The met/od of claim 203, wherein the protein is an 



>10. The r/ethod of claim 203, wherein (a) - (e) are 



mo 



211 Ttte method of claim 203, wherein the DNA substrate 
lecule encode/ all or part of a protein selected from Table I. 



212 ./ An evo 



Ived protein produced by the method of claim 



203 . 



2p. The method of claim 203, wherein the products of 
(e) are sui/jected to mutagenesis. 



214. The method of claim 213, wherein /nutagenes is 
comprises recursive sequence recombination. 



215. The method or 
claim 213 are used in (a) . 



lim 213, where/in the products of 



216 The method of claim 203, wherein the DNA substrate 
molecule of (e) comprises a library of DnX substrate molecules. 

/ 

217. A method for evolving a afelA substrate molecule 
encoding an interferon alpha, comprising: 

(a) providing a library of dttant alpha interferon 
genes, the library comprising an expr/ession vector wherein the 
alpha interferon genes are expressed/under the control of an 
inducible promoter 



(b) transfecting 

(c) contacting the 

(d) recovering DNA) 



Is with the library of (a) ; 
' ct of (b) with a virus; 
cling a mutant alpha interferon 



from host cells surviving step fc) ; and 



(e) recovering an evc^ 
product of (d) . 



interferon gene from the 



218. The method of claim 217, wherein the promoter is a 
metallothionein promoter. 

219. The metho/of claim 217, wherein the virus is HIV. 

220. The method of claim 217, wherein the virus further 
comprises a conditionally lethal gene. 

221. The/ethod of claim 217, wherein the conditionally 
lethal gene is thymidine kinase. 

222 ihe method of claim 217, wherein the transfected 
cells are expo/ed to conditionally lethal selective conditions. 



223/ The method of claim 217, wherein (a) - (e) are 



12 3 



2 repeated, 



1 224. An evolved IFNa polym< 

2 of claim 217. 
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lymeyase produced by the method 



1 225. The method o 

2 (e) are subjected to mutagenesis 




f claim/?17, wherein the products of 



226. The method of claim 225, wherein mutagenesis 
comprises recursive sequence recombination. 

/ 

227. The method cjf c/laim 225, wherein the products of 
claim 218 are used in (a) 



2 2 8. The me^ 
molecule of (e) comp 



claim 217, wherein the DNA substrate 
sesVJ/ library of DNA substrate molecules. 



229. A method* f/r evolving the stability of a protein 
encoded by a DNA substrate molecule, the DNA substrate molecule 
comprising a fusion of L DNA sequence encoding the protein with a 
DNA sequence encoding L filamentous phage protein to generate a 
fusion protein, the mfethod comprising: 

(a) providing a host cell expressing a library of 
mutants of the fusifon protein; 

(b) affinity purifying the mutants with a ligand for the 
protein, wherein Zhe ligand is a human serum protein, tissue 
specific protein/ or receptor; 

(c) /ecovering DNA encoding a mutant protein from the 

affinity selected mutants of (b) ; and 

(d) /recovering an evolved gene encoding the protein from 

the product ©f (c) . 

ho. The method of claim 229, wherein the serum protein 
is serum ilbumin, immunoglobulin, lipoprotein, haptoglobin, 
fibrinog/n, transferrin, alpha-1 ant i - trypsin , or alpha -2 
macroglfbulin . 



231. Vhe method of claim 22 9, wherein the DNA sequence 



encoding the filamentous phag^ 



orocein comprises a phage 



232. Th\ method of claim 229, wherein the DNA sequence 
encoding the filarLntous phage protein comprises a phagemid. 

233. The \ethod of claim 229, wherein the products of 
step (a) are derivit\zed with a half-life extending moiety. 

234. The met\od of claim 229, wherein the moiety is 
polyethylene glycol. 

235. The methoA of claim 229, wherein the DNA substrate 
molecule comprises a fusion of nucleic acid encoding the protein 
with nucleic acid encoding\an epitope tag. 

236. The method oA claim 235, wherein the products of 
(a) are contacted with a proftease prior to (b) . 



237. The method of c\laim 
antibody specific for th</ epitope 

23 8 . The methoc 
selected from Table I 



235, wherein the ligand is an 

4- 

\229 , wherein the protein is 



23 9. The method of claiVn 229, wherein the products of 
(a) are subjected to heat, metal Ions, non-physiological pH, 
lyophilization, or freeze- thawing Wfore (b) . 



240. The method of claim \229, wherein (a) - (e) are 



repeated. 



241. An evolved polymerase\produced by the method of 



claim 229 



242. The method of claim 229\ wherein the products of 
(d) are subjected to mutagenesis. 



243. The method cf claim 242,, wherein mutagenesis 
comprises recursive sequence recombma: ion . 



244. The method c: claim 242, wherein the products, of 
claim 242 are used in (a) . 

245. The method of claim 22J, wherein the evolved gene 
of (d) comprises a library of DNA substrate molecules. 



246. A method for evolving a protein having at least two 

/ 

subunits, comprising: j 

(a) providing a library jot mutant DNA substrate 

molecules for each subunit; 

(b) recombining the 1/iMraries into a library of single 
chain constructs of the prote/ni the single chain construct 
comprising a DNA subst rat^N^ble/ule encoding each subunit 
sequence, the subunit se^e^e/being linked by a linker at a 
nucleic acid sequence encdHiri^the amino terminus of one subunit 
to a nucleic acid sequenceXeryboding the carboxy terminus of a 

second subunit; 

(c) screening or Selecting the products of (b) , 

(d) recovering recombinant single chain construct DNA 
substrate molecules from tfhe products of (c) ; 

(e) subjecting /the products of (d) to mutagenesis; and 

(f) recovering an evolved single chain construct DNA 
substrate molecule frorp (e) 

247. The m/thod of claim 246 , wherein the products of 
(b) are displayed om a phage. 

248. Th/ method of claim 246, wherein the protein is 
selected from Ta&le I. 



24 9 . /The met 



hod of claim 246, wherein (a) - (f) are 



repeated . 



2J60 . An evolved protein produced by the method of claim 



246 .- 
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251. The method of claim 246, wher/in the products of 
(f) are subjected to mutagenesis. 

252. The method of claim 246, wherein mutagenesis 
comprises recursive sequence recombination. 

253. The method of claim 246/ wherein the products of 
claim 246 are used in (a) . 

254. The method of claim 3^46, wherein the evolved DNA 
substrate molecule of (f) comprise/ a library of DNA suostrate 
molecules . 



255 . A method f 
7 - transmembrane recept 
comprising : 

(a) express 
mutants in a host yeas 
mammalian 7- transmembrane 



/ evolving the coupling of a mammalian 
east signal transduction pathway, 



receptor gene geing expre. 




rary of mammalian G alpha protein 
wherein the host cell expresses the 
:eptor and a reporter gene, the 
under control of a yeast pheromone 

responsive promoter; / 

(b) screening or selecting the products of (a) for 
expression of the reporter gene in the presence of a ligand for 
the 7-transmembrance teceptor ; and 

(c) recovering DNA encoding an evolved G alpha protein 
mutant from screened or selected products of (b) . 

256. Th/ method of claim 255, wherein the products of 
(c) are subjected to mutagenesis. 

257. /The method of claim 256, wherein mutagenesis 
comprises recursive sequence recombination. 

2/s. The method of claim 255, wherein the products of 
claim 255/are used in (a) . 
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259. The method of claim 2 35, wnere: 



;a) - (c) are 



2 repeated. 



1 260. An evolved G alpha protein produced by the method 

2 of claim 255. 

1 261. The method of claim 255, //herein the reporter gene 

2 is lucif erase. 
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262. The method of claim 255, wherein the pheromone 
responsive promoter is positively regdlated by GAL 4 and wherein 
GAL 4 is expressed under the control jot a pheromone sensitive, GAL4 
enhanced promoter. 



263. A methock g£A recom&ining at least a first and 
second DNA substrate mol^cu^, comprising: 

(a) transfecting a h£st cell with at least a first and 
second DNA substrate mollcule /herein the at least a first and 
second DNA substrate molecule^ are recombined in the host cell; 

(b) screening or /electing the products of (a) for a 

desired property; and 

(c) recovering Recombinant DNA substrate molecules from 

(b) . 



1 
2 



264. The metl/od of claim 263, wherein the products of 
(c) are subjected to Mutagenesis. 



1 265. The rtfethod of claim 264, wherein *rhe mutagenesis 

2 comprises recursiv/ sequence recombination, 



2 66 . Tbie met 



hod of cxaim 263, wherein (a) - (c) are 



2 repeated. 



267 / The method of claim 263, wherein the products of 



2 claim 263 aref used in (a) . 



!68. A method for evolving a DNA substrate sequence 
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encoding a protein of .nearest:, wherein yie DNA substrate 
comprises a vector, the vector comprising single - stranded DNA, th« 

method comprising: 

(a) providing single-stranded vector DNA and a library 

of mutants of the DNA substrate sequence; 

(b) annealing denatured/double - stranded DNA from the 
library of (a) to the single stra/ded vector DNA of (a) ; 

(c) transforming the products of (b) into a host; 

(d) screeni/fyihe Deduct of (c) for a desired 

property; and \^vx / 

(e) recovefUng^v/lved DNA substrate DNA from the 

products of (d) . * 

269. The methoc/ of claim 268, wherein the product of (e; 
is subjected to mutagenesis 
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270. The method of claim 269, wherein mutagenesis 
comprises recursive/sequence recombination. 

271. Ttfe method of claim 269, wherein the product of 
claim 269 is us/d in (a) . 



27; 



. The method of claim 268, wherein the host is a mutS 



host 
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273. The method of claim 268, wherein the vector is a 
phagerpid. <^ 





